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SPECmCATION 

1, Title of the Invention 

Method of Fabricating a Semiconductor Device 

2. Scope of Claims 

A method of fabricating a semiconductor device comprising the steps of: 

forming selectively metal layers comprising palladium, platinum or nickel on a 
semiconductor substrate; 

forming a polycrystalline silicon layer or an amorphous silicon layer having a 
predetermined conductive type and a predetermined impurity concentration on said metal layers, 
respectively; and 

annealing at a low temperature for a predetermined time for a solid grov^^h; 
thereby an impurity layer equivalent to a diffusion layer is formed. 
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3. Detailed Description of Invention 
[Field of the Invention] 

The present invention relates to a method of fabricating a semiconductor device, 
particularly relates to a method of forming an impurity layer in fabricating a semiconductor 
device. More particularly, the present invention relates to a method of forming an impurity layer 
having a shallow junction without damaging a substrate surface. 

[Description of Prior Art] 

The conventional method of forming an impurity layer of a semiconductor device 
comprises the steps of forming a thermal oxidation film or the like on a semiconductor substrate; 
subsequently pattering said thermal oxidation fihn by photolithography technique; and thermal 
diffusing an impurity on said semiconductor substrate using said thermal oxidation film or the like 
as a mask, or performing an ion implantation. 
[Problem to be Solved by the Invention] 

According to the conventional method of forming an impurity layer mentioned above, an 
impurity is equally diffused along both directions of a width direction and a depth direction of a 
substrate. Therefore, it is difficult to satisfy that a junction depth is required to be shaUow 
correspondmg to fineness of device. That is, in accordance with rule of reduction of device, when 
a diffusion junction depth Xj should be reduced to 1/k whenever a channel length and a channel 
width of the device are reduced to 1/k. However, with regard to a thermal diffusion, it is 
impossible to depress only a diffusion speed in the direction of depth, so that it is difficult to 
realize the shallow junction. In particular, in the case that diffusion coefficient of an impurity is 
large, it is extremely difficult to depress the junction depth. Further, in ion implantation method, 
since it is necessary to anneal for a long term in order to recover the damage of a substrate 
surface, an implanted ion is frequently redistributed, and shallow junction is difficult to obtain as 
mentioned above. 

The object of the present invention is to remove the conventional defect mentioned above 
and propose a method of fabricating a semiconductor device in which a shallow junction can be 
easily formed without damaging the surface of the substrate, and also a low temperature treatment 



is possible to form an impurity layer which copes with fineness and high integration. 
[Means to Solve the Problems] 

The method of fabricating a semiconductor device according to the present invention 
comprising the steps of: 

- forming selectively metal layers comprising palladium, platinum or nickel on a 
semiconductor substrate; 

forming a polycrystalline silicon layer or an amorphous silicon layer having a 
predetermined conductive type and a predetermined impurity concentration on said metal layers, 
respectively; 

annealing at a low temperature for a predetermined time for a solid growth, thereby an 
impurity layer equivalent to a diffusion layer is formed. 
[Embodiment of the Invention] 

An embodiment of the present invention will be described below referring to drawings. 

Figs. 1(a) to (i) shows a cross sectional view of a semiconductor device shown in order of 
steps to describe an embodiment according to the present invention. According to the present 
embodiment, a method of forming source and drain diffusion layers of nMOS is described. 

First, as shown in Fig. 1(a), a thermal oxidation film (SiOn) having a predetermined film 
thickness by thermally oxidizing a P-type silicon substrate 1. Then, as shown in Fig. 1(b), source 
and drain regions are patterned by a photolithography technique. Next, as shown in Fig. 1(c), a 
palladium(Pd) layer 3 is formed by vapor deposition method. Then, as shown in Fig. 1(d), a high 
concentration impurity doped layer 4 of an amorphous silicon layer or a polycrystalline silicon 
layer doped with phosphorous at a high concentration is deposited by CVD technique. Then, as 
shown in Fig. 1(e), the high concentration impurity doped layer and the palladium layer except for 
the source and drain regions are removed by a photolithography technique, and dry etching and 
wet etching technique. Next, as shown in Fig. 1(f), palladium is evaporated again by a vapor 
deposition method. As shown in Fig. 1 (g), an impurity doped layer 5 of an amorphous silicon or 
a polycrystalline silicon in which boron is doped at a predetermined concentration, is subsequently 
deposited by a CVD method. Then, as shown in Fig. 1(h), the impurity layer and the palladium 



layer formed on source and drain regions are removed by a photolithography technique and a dry 
etching technique. As shown in Fig. l(i), annealing at a low temperature, for example at 600°C is 
performed for a predetermined time, thereby making palladium on a substrate surface palladium 
silicide. Then, palladium silicide shifts toward the upper portion to perform an epitaxial growth, 
thereby forming an n* impurity layer 7 of drain and impurity layer 8 of source. 

Figs. 2(a) to (e) shows a longitudinal section of a semiconductor device shown in order of 
steps to describe another embodiment according to the present inveniton. 

First, as shown in Fig. 2(a), after forming an n* impurity region of source and drain 
subsequent to the first embodiment step mentioned above, a gate oxidation film , a gate electrode 
9, a drain electrode 10, and a source electrode 11 are formed. Then, as shown in Fig. 2(b), an 
SiOj is deposited on a base device (nMOS) by CVD method on which a palladium layer 13 is 
formed by vapour deposition. Thereafter, as shown in Fig. 2(c), contact holes of source, drain, 
and gate are formed. Then, an amorphou or a polycrystalline silicon layer doped with an 
predetermind concetration impurity is formed by a CVD method. Subsequently, low temperature 
annealing is conducted to perform an epitaxial growth. Then, a palladium silicide layer is 
removed. The treatment described in the first embodiment is repeated to form an impurity layer of 
source/drain, thereby obtainng a structure shown in Fig. 2(d). 

Then, as shown in Fig. 2(e), a gate located on a second stage is finally formed for wiring, 
thereby realizing an LSI having the second stage structure. 

Such the treatment is conducted in the chip size, thereby a three dimentional LSI or an 
integration level can be improved. 

It is noted that palladium is used as a metal for solid growth in the above embodiment, 
however, platinum or nickel may be used in place of palladium. 
[Effect of the Invention] 

According to the present invention as described above, a metal layer comprising 
palladium, platinum, or nickel are selectively formed on a semiconductor substrate by a CVD 
method and a photolithgraphy technique. An amorphous or polycrystalline silicon layer on which 
an objective impurity is doped is deposited on said metal layer, and then epitaxial growth is 



performed at a low temperature by a solid phase growth method, thereby an impurity layer 
equivalent to the conventional impurity diffusion layer can be formed. Therefore, the present 
invention is effective to form an impurity layer which copes with fineness and high integration by 
treating at a low temperature as well as easily forming a shallow junction with no specific damage 
on the substrate surface. - — 

4. Brief Description of the Drawings 

Figs, 1(a) to (i) shows a cross sectional view of a semiconductor device shown in order of 
steps to describe an embodiment of the present invention; and 

Figs. 2(a) to (c) show a cross sectional view of another embodiment of the present 
invention. 

1 — p-type semiconductor substrate 

2 — thermal oxidation film 

3 — palladium film 

. 4 — high concentration impurity doped layer (phosphorus) 

5 — impurity doped layer (boron) 

6 — palladium silicide 

7 — n"" impurity layer (drain) 

8 — n* impurity layer (source) 

9 — gate electrode 

10 — drain electrode 

11 — source electrode 

12 — gate oxidation film 

13 — palladium layer 

14 — source contact hole 

15 — gate contact hole 

16 — drain contact hole 



. DIALOG(R)File 345:Inpadoc/Fam.& Legal Stat 
(c) 2002 EPO. All rts. reserv. 
8151862 

Basic Patent (No,Kind,Date): JP 63142807 A2 880615 <No. of Patents: 001> 

MANUFACTURE OF SEMICONDUCTOR DEVICE (English) 
Patent Assignee: NIPPON ELECTRIC CO 
Author (Inventor): OKAMOTO TETSUMASA 
IPC: *H01L-021/20; HOlL-021/324; HOlL-027/00; HOlL-029/78 

CA Abstract Norl09(24)220986K ' " 

Derwent WPI Acc No: C 88-207896 
JAPIO Reference No: 120402E000143 
Language of Document: Japanese 
Patent Family: 

Patent No Kind Date ApplicNo Kind Date 
JP 63142807 A2 880615 JP 86290854 A 861205 (BASIC) 
Priority Data (No,Kind,Date): 
JP 86290854 A 861205 



@ e * H » ff (J p) ®^¥fmm<L::m 
®<ikmnn<k^ (A) BH63- 142807 

H 01 L 21/20 7739-5F 
21/324 

27/00 3 0 1 R-8122-5F 
29/78 30 1. Z-8422- 5F gSlg^ ^tS^ ^m<^^ 1 (^4^) 

@4f SB 6861-290854 
@ttl SB 8561(1986)12^5 5 

®tii m A B^n%^^^^ :«D^?miE:^5Tg33Si^ 



q» m 9 

?^ <0 « » 

^ w * » a ^0 » i* :^ a 
^ 1^ ^ <o JE ffl 



c ft & . 



!HBJBa63-142a07 C2) 

2«8n^5. mi@ (a) - ( i ) <i*3(SB»0-5€ 

- X - K V >f y lit « «o it? ?^ c o ^ 3i i(R 

IH(SiOa ) S-aJrtirS.iXfrC. sfilSCb) 
{ZTT-r X o iz . 7 f 'J V 7 7 ^ a « tc i: 0 y 

sS?i0{c ) Cn^-r^oCH^:^ i£ c J: 0 
7 ( P «1 ) ® 3 $: JB ^ ^ 6 . ('A{z . 35 1 

fC r ^ 11- y T 'J 3 >- a X <± ^ S u"u 'J 3 V o 

^ « et/T l*^^K-r;B4^cvD W tc J: o tft ^ 
^S. (e) ic^^i:-3*c. ^^^^ 

iR iiS T> l« ;U K " r a a V i-' -7 A « 5: ftft ^ ^ . 



actc, SJLia (t) tCH?rJ:ot:. X 

fyj^^-j^M^n^^-ti*, ace sBia (g) 

1 @ ( h ) U: TP i: -3 t: , 7 :r h y y 7 7 4 
8 A' iB PE ^ ii S . 

1 <Oilit0?i!<OXS^-yST V - X AX/ Klx>f y(7> 



(^)iR«o:?^it^«r H-rL^r't;l/7TAftSv> 

u :S ^ .11. V u 3 ^ ?p i3t -t -6 . « u T a r - 

- /i^ ^r 'fT v> . X t: ^ V /UK lit 5 ^ i , v^ 
r, y 'J 'y ^ V ^ ^ KW^ri^i-r^, 

W Y >'c73:ri4»JB5rJBl^Tr5i:m20 ( d > 0« 

<X , 3J 2 0 ( e ) C -r ^ ^ tci . ia » tC 2 81 

fli iS ^0 L S I ^mX' ^ h . 



At L T ^'^ 7 S^' A ffl y/ 7 V ic ft i. , 
( ^ Rfl itJ 31 D 

vji±isi^E L fc X 0 ^^^^^t . c V D m t 7 ^ 
m \ m (a) - ( I) i±^itm<o-mtiim^ ^ 




4 *i«7lT*i«7K'-r>f 




39 1 0 



«B8B363-142807 (3) 

(T) IS 01 05 Q 7 ^ ^ . 

1 p s ^ 3? «c 35 « , 2'"»tmitm . 3 

'J^ 4 « 5[ I* K - r J8 ( ij y ) , 

5 ^ t€ ?*l K - T « < '7 « ) , 6 7 y A 

i> ir >r K , 7 n * ^ tt «f « ( F U -< y ) . 8 

n * T 1*1 a ( y - X > , 9 y — s « ffi . 
i v-f ts s , "11 - y - :^ IS « . i 2 • • 

y-hK^t«, 1 3 ■-• 7 '7 A a , 14-y- 

- , 1 6 K >- a >- ^ ^ h :^ - . 




8 n*^t€»^ 7n>>tJ^* 
1 0 



-27- 



63-142807 (4) 




